N
N

N

HAL

open science

Capabilities of IESTA-CARMEN to predict aircraft
noise

Laurent Sanders, Patrice Malbequi, Ingrid Legriffon

» To cite this version:

Laurent Sanders, Patrice Malbequi, Ingrid Legriffon. Capabilities of IESTA-CARMEN to predict
aircraft noise. 23rd International Congress on Sound & Vibration (ICSV23): "From Ancient to Modern

Acoustics”, Jul 2016, ATHENES, Greece. hal-01385584

HAL Id: hal-01385584
https://hal.science/hal-01385584
Submitted on 21 Oct 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01385584
https://hal.archives-ouvertes.fr

COMMUNICATION A CONGRES

Capabilities of IESTA-CARMEN to
predict aircraft noise

L. Sanders, P. Malbequi, I. Legriffon

ICSV23
ATHENES, GRECE
10-14 juillet 2016

TP 2016-625

70ans
ONERA
—

THE FRENCH AEROSPACE LAB



http://www.tcpdf.org




23" International Congress on Sound & Vibration I

&reece 10-14 July 2016

CAPABILITIES OF IESTA-CARMEN TO PREDICT AIRCRAFT
NOISE

Laurent Sanders, Patrice Malbéqui, and Ingrid Liéasr

ONERA, BP-72, 29 avenue de la Division Leclerc2223héatillon Cedex
email: patrice.malbequi@onera.fr

CARMEN is a tool to predict aircraft noise on thewnd all along its trajectory during landing, take
off and cruise flyovers. It includes the acoustisalirce description, the installation effects amal t
sound propagation from the aircraft to the groditte present paper illustrates the capabilitiehef t
acoustic model CARMEN to take into account new medbgies, such as contra-rotative propellers. A
semi-empirical model describing the acoustical sesirhas been implemented in CARMEN. The
simulation of the sound radiated by a mid-distaaiceraft type motorized with a contra-rotative pro-
peller is performed, predicting time dependent iy spectra radiated on the ground. Temporal
synthesis of the simulated spectra obtained witlRWIEN together with an appropriate auralization
procedure offer realistic signatures used in PARES(a project dedicated to the perception of both
existing and future aircraft noises.

1. Introduction

One challenge for the Air Transport System is tooaumodate the forecast increase in air
traffic, reducing the impact of noise. Since fewcaltes a tremendous amount of researches and
studies devoted to numerical simulations, wind alramd flyover experiments are performed in the
aero-acoustics field aiming at the understandintpefacoustical sources, the control and the reduc-
tion of aircraft noise. Accurate physical insighestablished through CFD and CAA modelling,
experiments at reduced and full scales, are negessallow reducing the noise intensity but does
not account for the comprehension of the noise ahpa population, this impact being strongly
correlated by the perception and the annoyanceechircraft noise. Psychoacoustic studies are then
performed where measured and synthesis soundstmng by a cohort of participants and rated
according to various scoring methodologies. Suclmproach on the noise impact including both
physical insight of the noise and psychoacoustidiss are increasingly developed. Due to its very
strong influence on the air traffic growth, acocstis now earlier integrated in the elaboration of
new aircraft concepts. To reach this objective a-$tep approach is required: the first one is the
prediction of the noise radiated using semi-emalyioumerical predictions and experiment tools,
and the second step deals with psycho-acoustidgestto take into account the influence of noise
on human factors. The objective of this paper isilligstrate the capabilities of the IESTA-
CARMEN to operate the first step of this approact # provide data for the second step.

Section 2 summarizes CARMEN methodology to predictraft noise, Section 3 provides
the noise sources description of the CROR with easishon its specification and Section 4 illus-
trates the prediction of the CARMEN calculatiortloé flyover simulations of a mid-aircraft motor-
ized with CROR.
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2. THE CARMEN PREDICTION METHODOLOGY

2.1 Acoustical modelization in CARMEN

IESTA (Infrastructure for Evaluating Air Transp@ystems) is a tool developed by ONERA
to design innovative air transport systems throagjobal evaluation platform [1]. The application
of IESTA to the environmental impact of the airffimsurrounding airports deals with noise and
chemical emissions. To reach this application sdygnysical models are integrated in the IESTA
platform: ground planning, aircraft, engine, acassand chemical dispersion, as shown in Figure
1. The acoustic model CARMEN is connected withghgine module in order to provide, all along
the trajectory, the inputs required for the promursnoise sources and also, with the aircraft mod-
ule, to give the trajectory, the attitude of thecwft, the high lift devices and the landing gean-
figurations. The aircraft and its fly mission bgipreliminary defined, CARMEN can predict the
noise footprint around airport within a short CRide, on existing and future aircraft. It describes
the main acoustical phenomena encountered duringatiiflyover summarized by the sound pres-
sure level prediction around the aircraft and &lsmputes the propagation effects such as Doppler
frequency shift, spreading loss, atmospheric attgon. This prediction is of interest for the desig
of new technologies compared to reference airchafgrder to provide faithfully gain in multi-
disciplinary optimization studies. The time varyiaigcraft noise spectra can also deliver a realisti

input for psycho-acoustic studies, using an efficiemporal synthesis, as done in the National
PARASOFT project.
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Figure 1: Physical models implemented in the IEp&form.

The CARMEN model dedicated to aircraft noise predicis composed of three modules [2, 3]:

the acoustic source models, the installation effacid the atmospheric propagation. Each of these
modules is assessed against reference results dsgrariments, analytical solutions or cross-
checking simulations. The acoustics source modgludes propulsive noise generated by the en-
gine: the fan and the jet noise, and the airfranisengenerated by the slat, the flap and the lgndin
gear. Most of these models are based on semi-amabpimodel derived from the literature. Prior to
their implementation in CARMEN, these models argeased against experimental results obtained
by ONERA within several National and European mtge(VITAL, TYMPAN, LAGOON, SI-
LENCER, AWIATOR, etc.). The module on installatieffect is based on the ray-model, allowing
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to perform direct and reflected rays, and scattésdd by the whole aircraft. The aircraft surfase
described with NURBS (Non-Uniform Rational Basidifgs) instead of a mesh surfaces, saving
significant CPU time in the computation of the eetled rays. Propagation in the atmosphere model
is based on the ray-model taking into account wand temperature gradients, and atmospheric
absorption along the rays. During the CARMEN sirtialaboth static (aircraft geometry and mete-
orology) and dynamic variables (acoustical aircsaftirces) relative to the trajectory scale time are
considered. To save CPU time, shielding effectsland range sound propagation in the atmos-
phere, requiring more heavy computations, are preptited, while acoustical sources derived from
semi-empirical models are supplied in “real times,function of the aircraft configuration.

It is to notice that CARMEN is quite complementaoythe Integrated Noise Model developed
by the Federal Aviation Administration, based oveay large experimental database. INM is well
suited to predict the footprint generated by atflefeexisting aircraft over a long duration period
under mainly conventional procedures, while CARMEh give the acoustical gains on modified
and new aircraft concepts, vs reference aircraREIEN methodology is similar to ANOPP and
the PANAM ones developed since many years by NAgAahd DLR [5], respectively. The alive
cooperation between the three research centresd lmasbenchmarking for reference aircraft con-
figurations, will reinforced the assessment oftthas.

2.2 CARMEN assessments

Complementary to the individual evaluation of theee models, a continuous overall assessment
of CARMEN is performed against experimental resaisasured from aircraft in flight tests. Such
a comparison requires gathering a tremendous anaduntormation on the aircraft itself to feed
the CARMEN modules (engine type, high-lifevices configurations) and also on the meteorelogi
cal conditions to account for the wave propagatiorthe low atmosphere. Flyovers concerning
A340 during landing and A320 during take-off perf@d in the European projects AWIATOR and
SILENCER, respectively, offer such a huge and wieltumented data base.

It is to notice that such an amount of data isettijo variations and uncertainties, especially the
meteorological conditions. A sensitive analysistibda CARMEN prediction has been done on the
meteorological conditions varying the wind velocitgd the wind profile, for the AWIATOR and
SILENCER flyovers [6]. A good agreement is obtaimgth the AWIATOR measurement for both
the OASPL and the spectrum on the ground duringitfeeaft flyover. For these flyovers where the
aircraft-microphone distance varies from a few heddneters to a few kilometres, the CARMEN
prediction found few decibels difference betweea llomogeneous and log-profile wind velocity.
Such a sensitive study is of interest on the whklaka to determine the accuracy of the prediction,
e, to plot a global error margin on the results.

The CARMEN assessment performed on the turbo-jginenaircraft A320 at take-off, using a
modified fan noise modelisation was presented duidsV22 [7]. This paper shows a quite a good
agreement between the CARMEN prediction and themxg@nt performed by Airbus on a A320 in
the framework of the SilenceR program and demotestrthe fan noise improvements, including
the Buzz Saw Noise description and the implemeoriati the liner treatment covering the nacelle
intake.

During the PARASOFT project, CARMEN spectra of &&20 and A340 flyovers were syn-
thesized, providing predicted temporal signatutestening to both the predicted signatures and
experimental measured signal shows the realisrheoiimulation, reinforcing its relevance, in ad-
dition to the comparisons of the directivity pattand spectra shape

3. ACOUSTICS OF THE CONTRA-ROTATIVE PROPELLER

The interest of the CROR and its theoretical acoaisbackground is briefly illustrated below
from considerations in [8]. The efficienoy counter-rotating open rotors is better than tfaur-
bofans and of conventional single propfans: it ceduthe fuel consumption. In comparison with the
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single propfan, a 10 % reduction of fuel consumptian be obtain with the counter-rotating open
rotor (CROR), where the swirling flow is recovetggthe aft of counter-rotating blade row. CROR
can motorize mid-distance aircraft at cruise Magmhber of 0.7 to 0.8. As a consequence, the pas-
sion on this propulsive technology strongly depemnishe fuel cost and was extensively studied to
power aircraft in the 80s. As an example, Figurdiuatrates the CROR designed by GE UDF
mounted on a McDonnell-Douglas MD-80.

Figure 2: UDF de General Electric mounted on a connell-DouMﬁBBO.

It was shown that CROR can give rise to an acoussiee, the noise being generated, on the
one hand by the two isolated rotors operating Wigin tip speed and, on the other hand, by interac-
tions between the two blade rows. In addition hi@ dpen rotor configuration the noise can radiate
freely unlike the ducted engines where the naaadts as a noise guide (low-pass filter regarding
the azimuthal modes and high-pass filter in fregygand allows the insertion of acoustic liners to
reduce the noise. In the free field conditions &QR, the sound waves can radiate towards the
fuselage, an unfavorable configuration to the pagsecomfort, and towards the ground around
airport. Only an appropriate positioning of the iaeg may limit the noise, using the airframe as a
shield, the so-called acoustical installation @#edt is therefore mandatory to properly prediet t
acoustic radiation of such systems, first to asi@ssoise directivities of an isolated engine and
then to offer an optimal noise installation solatio

Since the last years, counter-rotating is againbgest of interest for the aeronautics industry
while the acoustical issue could still preventdéelopment. A large amount of recent results are
available especially thanks to progress in numesicaulations. Most of the numerical methodolo-
gies are based on hybrid methods, combining Cortipotd Fluid Dynamics (CFD) simulations of
the propulsive system with Computational AeroAcmss(CAA) methods, allowing propagation in
the far field [9] (Figure 3). Analysis taking ineecount the presence of solid boundaries such as a
pylon, wing and fuselage, can now be performedkfiam advanced numerical simulations [10]
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a) CFD/CAA prediction of the sound  b) Z08 averaged experimental results
pressure field radiated by a CROR (_) and CFD/CAA {--).
Figure 3: Numerical prediction and comparison wsithled model experiment, from [9].
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This study does not aim to accurately describeClROR noise with a numerical solution, but
to show the capabilities of the CARMEN predictionoperate a new concept, by use of a simplified
CROR description. Future works are planned to claMRMEN with existing numerical simula-
tion or experimental results. The CROR model imgatad in CARMEN is derived from the Han-
son model [11] and the propeller theory describg@bldstein [12] for the tones noise, and on the
Blandeau model [13], for the broadband emission.

The main specifications of CROR noise are briefijninded in terms of directivity patterns,
tonal and broadband noise. The main parametersrigageacoustic radiation are the number of
blades in each rotoB1 andB2, their tip speeds and the blade loadings. Ircése of rotors rotating
at the same speed, sound spectra are dominatéxt natmonics of each blade passing frequency,
f1 = mB:iN| andf, = |n:B,N|, and by the interaction tones between the twarsait frequenciefs, =
| n1BiN + noBoN |, whereN is the rotation speed, angandn, are integers.

3.1 Directivity patterns

In the Hanson model, the directivity of tones isimhadetermined by a Bessel function. While
the rotor alone rows mainly radiated in the plathef propeller, interaction tones can strongly+adi
ate near the centerline due to low-order Bessaddtioins, as illustrated by Woodward [14] in Figure
4. This can significantly increases the durationtled perceived sound levels and penalized the
EPNL (Effective Perceived Noise Level) for the deration. The overall sound intensity varies as
the thrust to the power 3 due to the dipolar typ#e main sources.

=== BPF, ROTOR ALONE
130 — B2
m==ac BPF] + BPF, | INTERACTION TONE

120 — £

2 110 [— 'V’ N o~
o /
N A T . v
BPF NOISE FLOOR ~ —» 14
e
90 — 8 N
% I | L |
10 30 50 70 90 10 130 15¢

ANGLE FROM PROPELLER AXIS. DEG
Figure 4: Directivity pattern of a CROR, from 14.

3.2 Tones noise

The model is based on decomposition of the rotatidach and the loads repartition along the
blade wingspan. According to Hanson, the circunmigaé modem atthe interaction tone frequency
f12 = (NoB+n1B1) Q is m = B~ nB1. The tones which are efficiently radiated have aessgnic
circumferential phase Mach number. It is the reasby interaction tones are noisy at low advanc-
ing speed of take-off and approach and can exde=ddund levels due to each rofbones due to
each rotor only radiate efficiently at cruise spedxtn the helical tip Mach numbkt: = 27RNC
(cois the speed of sounRB,is the rotor radius) becomes supersonic.

3.3 Broadband noise.

Two mechanisms of broadband noise are identifipdhé interaction noise of the turbulence
with the blade, generated when the wake of theregst propeller impacts the downstream one, (ii)
the self-noise of the blade profile located attthding edge, radiating for the two rotors. Thense
analytical model implemented in CARMEN is derivedm Blandeau, using logarithmic laws to
establish the acoustical level as function of tlegdiency. Broadband noise level is relative, while
the level of the tonal noise, straightforwardly deg@ing on the propeller thrust, is absolute. The
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broadband level is tuned to the tone noise, inrdite the latter one sufficiently emerge, accagdin
to conventional single propeller noise measurements

4. CROR Simulation in IESTA-CARMEN

4.1 CROR configuration

The take-off configuration is the noisier and maneoying due to the presence of tones generat-
ed by the interactions between the two rotors tadjan the whole space, compared to the single
propeller, mainly radiating in the propeller plafidis configuration has been studied in CARMEN
for a mid-distance aircraft type motorized with t@&RORs, with propellers upstream to the pylon
supporting the engine. A standard take-off trajgcts considered, with a rising slope of 5.5° from
altitude 200 to 300 m, that is a covering distameé¢he ground of 1450 m. The airframe noise is not
modelled, being significantly lower than the prdgelone. Two listening points are studied: the
Flyover point, directly above the trajectory, and Bidelinepoint, beside the trajectory.

Figure 5 plots the tonal and the broadband cortidhs at the three moments of the trajectory,
for Flyover and Sidelinelocations. TheFlyover point being closer from the aircraft than thiele-
line, 5 more decibels expected are observed for tlowdhylocation in Figure 5b, when the aircraft
is directly above the microphone (assuming an aaalgadiation independent of the azimuth).
Levels are also more intense when the aircraftagmbr theFlyover point. However, when the air-
craft moves away, levels Btyover andSidelineare closed, the Doppler effect being more intense
for the Flyover, but balances out by the distance. The spectra showdhey density of the tone
due to the interaction of the two rotors. It istatice that the level of each tone may vary atdifie
ferent moments of the flyover, which is a worry &elor for the annoyance, while the broadband
noise remains almost constant.
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4.2 CARMEN output to generate synthesis sound for psycho-acoustic studies

Test using real aircraft flying over the subjestsery challenging because it is not known precise-
ly what each listener is hearing, the same flyamasr never be reproduced exactly and in particular
flight tests are expensive. Flyover recordingsymtlseses are then preferred for evaluation of per-
ception and annoyance using loudspeakers in lajpgrbstening situations.

In the past, laboratory experiments on psycho-dematadvanced turboprop aircraft with CROR
were conducted using a specific Aircraft Noise 8gsts System [15]. CARMEN tool is used in
PARASOFT (Psycho-Acoustic Research Aiming at AdsgsSonic Unpleasantness of Aircraft
Flyovers) to provide CROR signatures. This natigmaject funded by FRAE is devoted to the per-
ception of both existing and future aircraft noiséagniversity of Cergy Pontoise is responsible of
the influence of temporal aspects of aircraft soondflyover unpleasantness, INSA-Lyon is in
charge of the spectral influence of the aircraginature on unpleasantness, GENESIS performed
measurements around airport, auralization and traaking procedure to provide realistic temporal
signature for listener in Labs. Predicted spectniying in time along the trajectory are synthesized
by Genesis, generating very realistic audio sinmuhat[16]. Within PARASOFT, in addition to the
CROR, tests have been performed on existing miguuie aircraft with modified signatures, par-
ticularly varying the contribution between broadthamise and tonal noise from the Buzz-Saw-
Noise generated by the fan when operating at falwgr during take-off. Results on psycho-
acoustics are described in [17, 18].

5. Conclusion

Accurate predictions of the usual physical acosstinains a priority to reduce the noise level,
while perception and annoyance studies are morarentd pertinent to design the aircraft noise in
order to be complied by residents around airpostillistrated, CARMEN can favourably respond
to the physical insight of acoustical issues aruviples realistic data for the second purpose.ig th
context it can be a powerful and efficient tool &nerging new concepts such as, flying wing, bur-
ied engines and, more generally, concepts wheeddshj effects are expected to lower the sound
level.

Existing sources, such as jet noise, fan, flap, Elading gear, etc. are more and more accurately
predicted thanks to semi-empirical model tuned faedicated wind tunnel experiment on isolated
model. But in practice, the main and hard-unavaieléimitation of the prediction for non-existing
concepts remains the accuracy of the source madieliz Nevertheless, CARMEN allows modify-
ing the broadband and tone noises of each sousceiedl as the relative contribution of these
sources and, which is of interest for perceptiod annoyance studies. As a further step, coupling
CARMEN with experimental results or CFD computasiashould improve the overall prediction
for both insight of the physical acoustics andsbend design for perception studies.
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